SUMMARY As there is little published information on the ultrastructure of poorly differentiated squamous carcinoma of the bronchus 18 examples of this tumour were studied. On light microscopy 10 of the tumours contained foci of keratinisation or intercellular bridges and therefore fulfilled the World Health Organisation's diagnostic criteria. In eight these features were absent, but the overall appearance was sufficiently squamoid to preclude their placement in any other category. On electron microscopy many cells showed the characteristic desmosomes and tonofilaments of squamous carcinoma, but there were also areas of adenodifferentiation. The ultrastructure of both light microscopic groups was identical.
SUMMARY As there is little published information on the ultrastructure of poorly differentiated squamous carcinoma of the bronchus 18 examples of this tumour were studied. On light microscopy 10 of the tumours contained foci of keratinisation or intercellular bridges and therefore fulfilled the World Health Organisation's diagnostic criteria. In eight these features were absent, but the overall appearance was sufficiently squamoid to preclude their placement in any other category. On electron microscopy many cells showed the characteristic desmosomes and tonofilaments of squamous carcinoma, but there were also areas of adenodifferentiation. The ultrastructure of both light microscopic groups was identical.
In conclusion, this type of tumour is dimorphic with characteristics of adenocarcinoma and squamous carcinoma on electron microscopy. Keratinisation and bridges are not essential diagnostic criteria: the overall pattern and cellular morphology are more important.
Although poorly differentiated squamous carcinoma of the bronchus is common, there is little information available on its ultrastructure. There have been many published reports on the morphology of bronchial and pulmonary tumours,`8 but few have dealt specifically with squamous carcinoma.9 -" In most instances this tumour has been mentioned only in passing, and emphasis has been on the well differentiated variant.
According to the World Health Organisation,'2 keratinisation and intercellular bridges are essential diagnostic criteria for squamous carcinoma. In our experience, however, many poorly differentiated tumours showing neither of these features are nevertheless "squamoid" in appearance. Such tumours are often classified as large cell carcinoma, a category that has been described as a "wastebasket"." 1 In this study we investigated the results of light and electron microscopy of 10 poorly differentiated squamous carcinomas, diagnosed using the WHO criteria, and eight tumours that were similar in appearance but lacked bridges and keratin. The ultrastructure of the two groups was identical.
Material and methods
Samples were obtained from 18 patients undergoing pneumonectomy or lobectomy for bronchial carAccepted for publication 14 November 1985 cinoma. Blocks of tumour tissue were taken for electron microscopy at the time of operation, fixed in buffered glutaraldehyde, then fixed in osmic acid, and embedded in TAAB resin (TAAB Laboratories, Reading, England). Ultrathin sections were stained with urayl acetate and lead citrate.
After fixation with formaldehyde two to four blocks of tissue were taken from the main tumour mass for examination by light microscopy. Sections were stained with haematoxylin and eosin, mucicarmine, periodic acid-Schiff (PAS) with and without diastase, and alcian blue. (Fig. Id) , and in one there was prominent "clear cell" change. The stroma varied from tumour to tumour and field to field: sometimes it was delicate and-contained thin walled blood vessels or it was collagenous, dense, and hypocellular. In three tumours there was a heavy stromal infiltrate of lymphocytes and plasma cells, and in two there were prominent foreign body giant cells, some of which contained ingested nuclear material (Fig. le) .
There was no adenocarcinomatous differentiation in any of the tumours, but in all but three there were occasional cells that gave positive reactions with PAS, alcian bjue, and mucicarmine. In most there were small acini up to 45 pm in diameter, lined with cuboidal cells and often containing eosinophilic accelular material (Fig. If) . These structures were particularly common at the edges of the tumours and seemed to be derived from included alveoli. All the tumours shared a common basic ultrastructure, but as the morphology of individual cells varied widely this became apparent only after several blocks from each tumour had been examined. At low magnifications the tumour cells were elongated, irregular, or polygonal (Figs. 2a and b) . Sometimes they were separated by a gap bridged by irregular pseudopodal processes bearing well formed desmosomes with irregular microvilli in between (Figs. 2a and 3a) . Elsewhere, adjacent cytoplasmic membranes were smooth and closely applied to each other, forming a straight or wavy double line, often, but not invariably, joined by desmosomes (Figs. 3b and c) . These closely applied cytoplasmic membranes often separated to form intercellular lumens lined by small cytoplasmic projections or stunted microvilli (Fig. 3d) . The intercellular lumens were sealed by poorly formned junctional complexes. The luminal surfaces of celislining large pseudoacinar spaces were covered by stunted, irregular microvilli; apposing cell membranes were closely applied and bore indistinct junctional complexes (Fig. 4a) . The small acini seen on light microscopy were lined with degenerate irregular type II cells (Fig. 4b) with characteristic whorled lamellar cytoplasmic inclusions. These inclusions were larger that those in normal tissue; their lamellae were indistinct and often fused into a fairly structureless electron dense mass.
The cytoplasm contained normal numbers of mitochondria and variable quantities of rough endoplasmic reticulum and free ribosomes. Bundles of tonofilaments were often present, sometimes associated with desmosomes or lying free in the cytoplasm (Fig. 5a ), but many cells with abundant filaments bore few desmosomes. In most of the tumour-cells there were vacuoles that were either empty or filled with faintly electron dense, amorphous, or flocculent material. Some appeared to be dilated cisterns of endoplasmic reticulum containing lipid or mucus (Fig.  5b) ; others, particularly those in cells near foci of necrosis, were degenerate mitochondria (Fig. 5c ). In two cases there were small vesicles beneath the cytoplasmic membrane, some of which contained an elec- (Fig. 5d) . Small membrane bound structures resembling neurosecretory granules were found in a few cells in one tumour (Fig. 6a) . In most cells there were glycogen granules in the cytoplasm, and larger deposits were present in those cells that showed "clear cell" change on light microscopy (Fig.  6b) . Golgi complexes were sometimes present (Fig.  6b) .
Larger electron dense bodies, round or irregular in shape, were found in most tumour cells in all samples (Figs. 3a and c, 6b and c). Some were amorphous and intensely stained; others contained clear areas or small vacuoles (Fig. 6b) . In one sample amorphous dense bodies were concentrated beneath the cytoplasmic membrane; in the others they were scattered throughout the cytoplasm in varying amounts. They were not related to tonofilaments; cells with prominent tonofilaments probably contained few such bodies, and vice versa.
Nuclei were elongated, round, or irregular, generally with a patchy chromatin pattern. Occasionally there was a large single nucleolus and sometimes the nuclear membrane was cleaved (Figs. 2a and b) . Tumour giant cells contained irregular lobulated nuclei with up to three prominent nucleoli; their cytoplasm contained few organelles; and the cytoplasmic membrane was slightly irregular and closely applied to adjacent cells of more normal size. A few poorly formed desmosomes were present.
Discussion
Most descriptions of the ultrastructure of squamous carcinoma of the lung have dealt with the well differentiated variant, and it has been accepted that this tumour consists of cells with few organelles and abundant desmosomes, intercellular bridges, and tonofilaments. l Nicolescu and Eskenasy emphasised the importance of these features in poorly differentiated areas, though they stated that secretory granules may also be present.9 On the other hand, Matthews et al described a poorly differentiated focus in an otherwise well differentiated squamous carcinoma, which consisted of polygonal coherent cells lacking junctions and tonofilaments.8 In the cytoplasm there were vesicular structures that seemed to be derived from degenerate mitochondria together with a few dense lysosomal bodies. Three of the 13 cases of peripheral lung cancer described by Mollo's group were classified as squamous on light micros- Poorly differentiated squamous carcinoma of the bronchus: a light and electron microscopic study copy.6 Although the degree of differentiation was not specified, keratinisation seems to have been minimal, and one tumour showed some evidence of mucus secretion. At an ultrastructural level tonofilaments and desmosomes were described as prominent. In one case there were secretory vesicles filled with amorphous translucent material.
The only comprehensive study of pulmonary squamous carcinoma was by Dingemans and Mooi."
They investigated 40 cases of pulmonary squamous carcinoma, 12 of which were classified as poorly differentiated, though in all there was intercellular bridging and keratinisation. None showed any evidence of adenodifferentiation on light microscopy. In well differentiated areas the overall picture was dominated by tonofilaments and desmosomes, but sometimes either tonofilaments or desmosomes were poorly developed. In poorly differentiated areas these features were inconspicuous. In compact fields there were often well developed desmosomes with no trace of intercellular bridging, and the authors concluded that such cells should be regarded as well differentiated. Giant cells with lobulated nuclei, few organelles, and poorly developed cell junctions were also seen. Like us, they found three distinct types of acinar structure: alveolar inclusions lined with type II cells similar to those described by AlvarezFernandez'3; small intercellular lumens lined with microvilli; and large lumens containing cell debris, lined with cells bearing microvilli and linked together by junctional complexes. Intercellular lumens, junctional complexes, and microvilli together with abundant endoplasmic reticulum, intracellular lumens, and secretory vacuoles are characteristic of adenocarcinoma. " 14 Attention was first drawn to the presence of adenodifferentiation in squamous carcinoma by McDowell et al,'4 and it is not confined to poorly differentiated tumours, being present in roughly half of all samples overall." 14 Some degree of adenodifferentiation was seen in all our tumours. This feature may be due to the origin of bronchial carcinomas from columnar mucous secreting cells that are able to undergo metaplasia, hyperplasia, and neoplastic change. Interestingly, Hamperl and Hellweg were unable to show mucous secretion in squamous carcinomas of the skin, lip, tongue, and vagina where the normal epithelium does not secrete mucus.'5 Mucous secretion was found, however, in squamous carcinoma of the cervix, anus, and bladder,
The nature of the various cytoplasmic dense bodies is uncertain. Some were clearly lysosomes, but others were intensely electron dense and amorphous, resembling the polypoid granules and mitochondrial densities described by Heard and Dewar in a well differentiated squamous carcinoma.'6 In this case the granules projected from the surfaces of keratinised tumour cells, and the mitochondrial densities were associated with the outer layer of the mitochondrial membrane. Heard and Dewar considered that the granules may have been concerned with ectopic production of hormones. In our tumours granules did not project from the cell surfaces nor were they associated with keratinisation, but in one tumour they were aggregated beneath the cytoplasmic membrane. Similar structures have been found in peripheral adenocarcinomas and were interpreted as Clara cell granules. 7 The smaller electron dense bodies lying in vesicles resemble the neurosecretory granules of small cell carcinoma, but their exact nature is not clear.
Several workers" 18-20 have described "neurosecretory" bodies in tumours with unequivocal squamous or adenocarcinomatous differentiation.
Eight of our tumours did not fulfil the WHO criteria for squamous carcinom as there was no keratinisation or bridging. Cell typing of such tumours is difficult and highly subjective, and in other centres they would have been classified as large cell or even small cell anaplastic carcinomas. The morphology of all our tumours on light and electron microscopy was similar, however, whether keratinisation or bridges were present or not. In addition, as Churg et al showed,18 apparent small cell anaplastic carcinomas of fusiform or polygonal cell type may have the ultrastructural features of squamous carcinoma and be associated with a better prognosis than true oat cell carcinoma.
We conclude that there is a group of poorly differentiated bronchial neoplasms that are squamoid in appearance and they should be included in the category of poorly differentiated squamous carcinoma. The presence or absence of minor degrees of keratinisation or bridging is of less diagnostic importance than the morphology of individual cells and overall pattern. At an ultrastructural level such tumours characteristically show the features of both adenocarcinoma and squamous carcinoma.
